



Thus,	 in	 the	 literature	were	 reported	 a	 series	 of	
data	on	the	anatomical	aspects	of	the	reproductive	
(Stan,	 2015	 (a)),	 digestive	 (Stan,	 2018;	 Stan,	





In	 the	 mucosa	 of	 some	 cavitary	 organs	 of	 the	
digestive	tract,	there	are	cells	that	synthesize	and	
eliminate	 in	 their	 lumen,	substances	 that	protect	
the	mucosa	 and	 facilitate	 the	 progression	 of	 the	
food.	These	 cells	 are	present	both	 in	 the	 surface	
epithelium	of	 the	gastrointestinal	mucosa,	 in	 the	
walls	 of	 the	 glands,	 and	 secrete	 different	 types	
of	 mucins.	 To	 identify	 these	 mucins,	 the	 first	
time	is	to	classify	to	a	group	of	mucins	(Bancroft	
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case,	which	 shows	 that	 these	 glands	do	not	 synthesize	mucins,	 neither	neutral	 nor	 acidic	 content.	 The	 glands	
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aggression	 and	 also	 in	 lubricating	 the	 mucosal	
surface.	 The	mucins	 produced	by	 glandular	 cells	
are	 not	 all	 the	 same,	 they	 can	 be	 classified	 into	
several	categories.	
Mucin	secretory	cells	are	found	in	the	epithelium	
lining	 the	gastric	mucosa	and	gastric	crypts,	 in	 the	
gastro-duodenal	 glands,	 in	 the	 surface	 epithelium	
and	 in	 the	 glandular	 epithelium	 of	 the	 intestinal	
mucosa	 in	 all	 segments	 of	 the	 small	 and	 large	
intestine.	For	the	proper	functioning	of	the	stomach,	
large	amounts	of	mucins	are	needed,	primarily	 for	
the	 protection	 of	 the	 mucosa	 from	 hydrochloric	




intestine.	 It	 should	 be	 noted	 that	 the	 secretion	 of	
cells	 from	the	gastric	mucosa	 is	continuous,	unlike	










From	 three	 guinea	 pigs	 presented	 for	 histo-
pathological	 diagnosis	 at	 the	 Histopathology	
Laboratory	 of	 the	 National	 Sanitary	 Veterinary	
and	Food	Safety	Agency	of	Romania	in	Salaj,	Zalau	






Sections	 with	 a	 thickness	 of	 5	 micrometers	
were	 cut	 and	 prepared	 for	 the	 histochemical	
highlighting	 of	 neutral	 and	 acidic	 mucins.	 The	
PAS	 reaction,	 first	 used	 in	 1946	 by	 McManus	
(Kiernan,	 1999;	 Wulff	 Sonja,	 2004,	 Layton	 and	
Brancoft,	2013)	was	first	used	to	highlight	neutral	
mucins.	 To	 highlight	 the	 acidic	mucins,	 we	 used	
the	Alcian	blue	staining	at	pH	2.5,	which	highlights	
both	 unsulfated	 and	 sulfated	 mucins	 (Mureșan	
et al.,	 1976;	 Kiernan,	 1999).	 The	 histochemical	
preparations	 obtained	 were	 examined	 under	 an	
Olimpus	BX41	microscope,	equipped	with	a	digital	
camera	 for	 capturing	 images,	 model	 Olimpus	
E-330.	 The	 subsequent	 image	 processing	 was	
done	using	Adobe	Photoshop	2020.
Results and discussions
The	 components	 of	 the	 guinea	 pigs	 gastric	
mucosa	 react	different	 to	 the	 SCHIF	 reagent	 and	
Alcian	 blue,	 depending	 on	 the	 activity	 of	 each	
cell	 type,	 related	 to	 the	 anatomical	 region	of	 the	
stomach	in	which	they	are	located.
In	 the	 cardia region	 (Figure	 1)	 there	 are	
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Histochemical	Assessment	of	Mucin-Secreting	Cells	from	the	Gastric	Mucosa	of	Guinea	Pigs
case	 of	 the	 cells	 on	 the	 surface	 epithelium	 of	
the	 cardiac	 mucosa	 and	 those	 in	 the	 walls	 of	
the	 cardiac	 glands.	 Thus,	 the	 cells	 of	 the	 surface	
epithelium	 of	 the	 cardiac	 mucosa	 are	 intensely	
PAS+	in	their	apical	half	which	suggests	that	they	
contain	 significant	 amounts	 of	 neutral	 mucins,	




the	 gastric	 crypts	 in	 the	 cardia	 region,	 have	 the	
same	behaviour	 compared	 to	 the	 SCHIF	 reagent,	
presenting	 intense	 PAS+	material	 in	 their	 apical	
half.	If	me	make	a	quantitative	assessment,	we	find	
some	difference	in	this	between	the	surface	cells	
and	 those	at	 the	 level	of	 the	 crypts,	 in	 the	 sense	












the	 cells	 here	 and	 is	 relatively	dense,	with	 small	
differences	between	 the	 cells	 on	 the	 surface	 and	
those	 in	 the	 crypts.	 From	a	quantitative	point	 of	
view,	the	PAS+	material	is	higher	than	in	the	cardia	
region,	 which	 suggests	 that	 a	 larger	 amount	 of	
neutral	mucus	 is	produced	here.	The	cells	 in	 the	
walls	 of	 the	 guinea	 pigs	 fundus	 glands	 are	 PAS	
negative.	
In	the	piloric region (Figure	5)	the	situation	
is	 maintained	 with	 regard	 to	 the	 cells	 on	 the	
mucosal	surface	and	those	in	the	crypts,	where	the	
PAS	 reaction	 is	 intensely	positive.	 If	we	compare	
with	 the	 cardia	 region,	 the	 degree	 of	 loading	 of	
the	apical	pole	of	 the	cells	with	PAS+	material	 is	
slightly	 lower.	 In	 this	 region,	 however,	 there	 are	
significant	differences	in	the	pyloric	glands	whose	








In	 the	 cardia region (Figure	 2),	 the	 cells	
lining	the	mucosa	on	the	surface	and	in	the	crypts	





intensity.	 This	 suggests	 that	 some	 of	 the	 cells	 in	















In	the	pyloric region (Figure	6), the	situation	
is	maintained	with	 regard	 to	 the	 cells	 lining	 the	
mucosa	on	the	surface	and	in	the	crypts,	where	the	
reaction	with	Alcian	blue	is	negative.	A	noteworthy	
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both	neutral	mucins,	which	shows	that	these	cells	
have	intense	and	complex	synthesis	activity.
The	 guinea	 pig	 stomach	 mucosa	 contains	
struc	tures	 that	 behave	 similarly	 to	 the	 corres-
ponding	 structures	 from	 other	 species,	 but	 also	
some	 that	 differ	 more	 or	 less,	 either	 in	 one	 or	
both	 histochemical	 reactions	 used	 by	 us	 in	 this	
investigation.	 We	 could	 observe	 that	 there	 are	
components	 of	 the	 gastric	 mucosa	 present	 in	
all	 regions	 of	 the	 stomach,	 which	 have	 similar	
behavior	 in	 a	 certain	 histochemical	 reaction.	
We	refer	here	first	of	all	 to	the	cells	that	 line	the	
gastric	mucosa	and	that	show	intense	PAS	positive	



















enzymes,	 the	 cells	 of	 the	 surface	 epithelium	 of	
the	 gastric	 mucosa	 permanently	 produce	 large	
amounts	of	neutral	mucus.	The	cells	in	all	regions	
of	the	stomach	have	the	lumen	loaded	with	intense	
PAS	 positive	 mucus,	 with	 no	 differences	 in	 the	
intensity	of	 the	reaction,	but	 there	are	still	 some	
differences	 in	 the	degree	of	 loading	of	 the	apical	
pole	 of	 cells	 in	 one	 region	 compared	 to	 others.	
The	cells	with	the	highest	degree	of	neutral	mucin	
loading	are	in	the	fundic	region,	where	they	occupy	






in	 the	 case	 of	 cells	 lining	 the	 gastric	 crypts	 and	
which	also	show	an	intense	positive	PAS	reaction	
at	the	apical	half.
	We	noticed	 the	differences	 from	one	 region	
to	 another	 in	 the	 case	of	 cells	 in	 the	 crypts.	 The	







mucins	 in	 most	 species	 of	 mammals,	 including	
humans.	(Raica	et al.,	2004).
Regarding	the	cells	in	the	walls	of	the	glands	
existing	 in	 the	 three	 regions	 of	 the	 stomach,	 the	
situation	 is	particular	 in	each	region.	We	noticed	
differences	both	between	regions	and	between	the	
glands	 in	 the	 same	 region,	 or	 even	 between	 one	
part	and	another	of	the	same	gland.	







in	 some	 glands,	 are	 far	 from	 the	majority.	 Given	
that	 the	 cells	 that	 show	 a	 positive	 PAS	 reaction	
are	 relatively	 few	 in	 the	 cardiac	 region	 and	 the	
intensity	 of	 the	 reaction	 is	 low	 to	moderate,	 we	
can	 say	 that	 the	 glands	 in	 the	 cardiac	 region	 of	
the	 guinea	 pigs	 synthesize	 small	 to	 very	 small	
amounts	of	neutral	mucins.	The	results	obtained	
by	us	are	not	identical	to	those	in	the	literature	on	
the	 secretory	 activity	 of	 cardiac	 glands	 in	 other	





PAS	 cells.	 In	 the	 case	 of	 these	 glands,	 there	 are	
no	 positive	 PAS	 cells,	 neither	 grouped	 nor	 even	




the	 literature	 on	 the	 activity	 of	 fundic	 glands	 in	
other	mammalian	species.	(Raica	et al.,	2004).
The	pyloric	region	of	the	guinea	pigs	stomach	
contains	 glands	 in	 which	 the	 PAS	 reaction	 is	
positive,	but	not	in	all	the	cells	that	form	a	gland.	
Thus,	the	cells	which	are	positive	at	PAS	reaction	
are	 grouped	 in	 the	 deep	 half	 of	 the	 glands,	
while	 those	 in	 the	 upper	 half	 are	 PAS	 negative.	
Regarding	 the	 intensity	 of	 the	 PAS	 reaction,	 it	
is	relatively	high,	but	not	even	at	 the	 level	of	 the	
cells	 of	 the	 surface	 epithelium	 and	 the	 one	 that	





such	 material.	 The	 fact	 that	 the	 pyloric	 glands	
synthetize	 mucins	 has	 been	 reported	 in	 other	
species	too,	including	humans	(Raica	et al.,	2004),	
but	 without	 specifying	 what	 kind	 of	 mucin	 and	
whether	it	is	all	the	cells	that	make	up	a	gland	or	
just	a	part	of	them,	as	we	identified	in	guinea	pig.	
According	 to	 other	 information	 in	 the	 literature,	
the	pyloric	glands	are	composed	entirely	of	 cells	
that	 secrete	 relatively	 large	 amounts	 of	 mucins	






one	 region	 of	 the	 stomach	 to	 another,	 but	 also	
between	 the	 components	 from	 the	 same	 region.	
Similar	 aspects	 were	 highlighted	 regarding	 the	
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Alcian	 blue	 was	 negative	 in	 all	 cells	 and	 in	 all	
regions	of	the	stomach.Under	these	conditions	we	
can	say	that	the	cells	on	the	surface	of	the	mucosa	
and	 in	 the	 crypts	 of	 the	 guinea	 pigs	 stomach	 do	
not	synthesize	acidic	mucins.	The	results	obtained	
by	us	are	similar	in	this	respect	to	those	reported	





Regarding	 the	gastric	glands,	 the	situation	 is	
more	diversified,	with	differences	being	reported	
from	 one	 region	 of	 the	 guinea	 pigs	 stomach	 to	
another.	 In	 the	 cardia	 region	 most	 cells	 in	 the	
cardiac	 glands	 are	 negative	 on	 reaction	 with	




region	 of	 the	 guinea	 pigs	 stomach	 synthesize	
acidic	mucins,	but	in	very	small	quantities.
	 If	 we	 appreciate	 these	 glands	 in	 terms	 of	
mucin	secretion,	we	can	say	 that	 the	guinea	pigs	
synthesize	both	neutral	mucins	and	acidic	mucins,	
but	 in	 such	 small	 quantities	 that	we	 can	not	 say	
that	 they	are	glands	with	mucous	secretion,	as	 it	
is	 said	 to	 be	 in	 other	mammal	 species.	 (Raica	et 
al.,	2004).	Moreover,	there	are	authors	who	claim	
that	 the	 secretion	of	 these	glands	 is	 represented	
in	 humans	 (Buligescu	 et al.,	 1982)	 and	 in	 some	
mammals	 (Bacha	 and	 Bacha,	 2006)	 of	 neutral	
mucus.
In	the	fundic	region,	the	glands	appear	to	be	
composed	 entirely	 of	 negative	 Alcian	 cells.	 The	
negative	results	of	the	two	histochemical	reactions	
used	 by	 us,	 in	 the	 case	 of	 the	 fundic	 glands	 in	
guinea	pigs,	confirm	that	these	glands	are	actively	
involved	 in	 the	 synthesis	 of	 other	 substances	




the	glands	 is	 similar	 to	 the	reaction	with	Alcian	
blue,	with	the	situation	existing	in	the	case	of	the	
PAS	reaction,	in	the	sense	that	there	are	positive	
cells	arranged	 in	groups,	 in	 the	deep	half	of	 the	
glands.	The	intensity	of	the	reaction	with	Alcian	
blue	 is	average	 in	 the	cells	of	 the	pyloric	glands	
of	guinea	pigs.	Given	that	these	cells	occupy	the	
deep	half	of	the	glands,	we	can	say	that	the	same	
cells	 synthesize	 both	 neutral	mucins	 and	 acidic	
mucins.	
If	we	make	an	overall	assessment	of	the	activity	
of	mucin-secreting	 cells	 in	 the	 gastric	mucosa	of	
guinea	pigs,	we	find	that	there	are	relatively	large	
differences	 between	 the	 number	 of	 cells	 that	
secrete	neutral	mucus	and	those	that	secrete	acidic	
mucus.	 Thus,	 neutral	 mucin-secreting	 cells	 are	
found	in	all	regions	of	the	stomach,	in	the	structure	
of	epithelia	lining	the	mucosa	on	the	surface	and	
in	crypts,	but	also	 in	 the	walls	of	glands	 in	some	
regions,	primarily	those	in	the	pyloric	region	and	
to	a	lesser	extent	those	in	the	cardia	region.
Regarding	 the	 acidic	mucins,	 the	 number	 of	
secretory	 cells	 is	 obviously	 lower	 and	 they	 are	
not	 present	 in	 all	 regions	 of	 the	 stomach.	 In	 the	
mucosa	of	 the	guinea	pigs	stomach	we	 find	such	
cells	 in	 the	 walls	 of	 the	 pyloric	 glands	 and	 in	
small	 numbers	 in	 the	 cardiac	 ones.	 Moreover,	 it	
is	 found	 that	 there	are	 cells	 that	 synthesize	only	
neutral	mucins,	but	also	cells	that	synthesize	both	
categories	of	mucins.	We	highlighted	these	aspects	
in	 the	cells	 in	 the	deep	half	of	 the	pyloric	glands	
and	it	is	possible	but	not	very	certain	in	some	cells	
in	 the	 cardia	 region	 glands,	 which	 form	 a	 small	
and	scattered	groups,	so	that	it	 is	not	possible	to	
say	 precisely	 wheter	 they	 are	 the	 same	 cells	 or	
neighbouring	cells.	
Characteristic	for	the	secretory	activity	of	the	
gastric	mucosa	 from	 guinea	 pigs	 is	 the	 fact	 that	
the	 glands	 in	 the	 cardia	 region	 synthetize	 very	
small	 amounts	of	muco-substances,	 and	 those	 in	
the	pyloric	region	synthetize	significant	amounts	
of	both	neutral	and	acidic	mucins.	The	particular	





Cells	 lining	 the	 gastric	mucosa	 and	 crypts	 in	
guinea	pigs	show	an	intense	positive	PAS	reaction	




are	 negative	 for	 both	 the	 PAS	 and	 Alcian	 blue	
reactions,	and	only	a	small	number	of	cells	are	PAS	
positive	and	Alcian	positive,	which	shows	that	the	
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The	 cells	 that	 form	 the	 fundic	 glands	 in	 the	
guinea	pigs	 stomach	 are	 all	 negative	 to	 both	 the	






that	 the	 same	 cells	 synthesize	 both	 neutral	 and	
acidic	mucins.
Given	 that	 neutral	 mucin-secreting	 cells	 are	
found	 in	 all	 regions	 of	 the	 stomach,	 and	 acidic	
mucin-secreting	 cells	 only	 in	 the	 pyloric	 glands	
and	to	a	lesser	extent	in	the	cardiac	glands,	we	can	
say	 that	 the	mucous	 secretion	 of	 the	 stomach	 is	
mainly	represented	by	neutral	mucins.	
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